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Does RecA have a role in Borrelia
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Abstract
Genomic sequencing of two relapsing fever spirochaetes showed
truncation of recA in Borrelia recurrentis, but not in Borrelia dutto-
nii. RecA has an important role among bacteria; we investigated
whether this characteristic was representative of B. recurrentis,
or an artefact following in vitro cultivation. We sequenced recA
directly from samples of patient with louse-borne relapsing fever
(B. recurrentis) or tick-borne relapsing fever (B. duttonii). We con-
ﬁrmed the premature stop codon in seven louse-borne relapsing
fever samples, and its absence from three tick-borne relapsing
fever samples. Furthermore, speciﬁc signature polymorphisms
were found that could differentiate between these highly similar
spirochaetes.
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Analysis of the full genomic sequences of two relapsing
fever spirochaetes that remain prevalent in East Africa
showed that these organisms were highly similar [1]. Indeed,
it would appear that the louse-borne Borrelia recurrentis was
derived from the tick-borne Borrelia duttonii, or that both
evolved from a similar common ancestral strain. Further-
more, the genome of B. recurrentis appeared to be a
degraded subset of that of B. duttonii, containing many
pseudogenes that have with functional counterparts in B. du-
ttonii [1]. One such polymorphism is the apparent trunca-
tion of recA seen in B. recurrentis; this gene remains
functional in B. duttonii. As there are implications regarding
the efﬁcacy of DNA repair and recombination without func-
tional RecA, we explored whether this feature was unique
to the cultivated strain A1 from which the genomic
sequencing was performed, or whether this was a charac-
teristic of B. recurrentis in general.
Given that greater diversity has been seen among B. dutto-
nii detected in either ticks or in clinical samples than in culti-
vable isolates [2], we decided to characterize recA genes
directly from patient samples rather than looking only at suc-
cessfully cultivated isolates. Our clinical samples were
obtained from patients diagnosed with either louse-borne
relapsing fever from Ethiopia (n = 30) or from those with
tick-borne relapsing fever from Tanzania (n = 4). Diagnosis
was conﬁrmed by demonstration of the spirochaetes by
examination of Giemsa-stained or Field’s-stained blood ﬁlms,
and subsequently conﬁrmed by real-time PCR with primers
(Table 1) against the ﬂagellin gene. These spirochaetes were
further typed by sequence analysis of their 16S RNA–
23S RNA intragenic spacer region (Table 1) [2,3]. Primers
designed against the published recA gene sequence were used
to characterize the sequence of this gene directly from clini-
cal samples. Sequencing was performed in both directions,
using BigDye 3.1 chemistry on an ABI3700 at the Queen
Mary’s University of London genomic sequencing centre,
London.
CMI Research Notes 195
ª2010 The Authors
Journal Compilation ª2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 17, 190–203
We successfully obtained partial recA sequence data from
30 samples of B. recurrentis and four of B. duttonii. These data
were variable in length, with only seven B. recurrentis and
three B. duttonii samples covering the region containing the
truncation.
All of those sequences obtained from B. recurrentis showed
identical signature single-nucleotide polymorphisms (SNPs),
including the premature stop codon of UAG, with one
exception at position 169, where a synonymous SNP divided
B. recurrentis sequences into two groups. Nine other SNPs
were present that differentiated B. recurrentis from B. duttonii
(Table 2).
Although the presence of this premature stop codon can-
not categorically rule out expression of RecA, we attempted
to demonstrate recA expression by reverse transcription
analysis, but failed to produce detectable products in patient
samples infected with either spirochaete, possibly because of
degradation resulting from the prolonged frozen storage of
these samples prior to testing, or reﬂecting insufﬁcient sensi-
tivity (data not shown). If this investigation had used cultiva-
ble isolates, it would have been possible to increase the
quantity of starting material and thus undertake expression
analysis. Analysis of other microbial recA mutants has utilized
the demonstration of increased susceptibility to UV light;
however, cultivation of these fastidious spirochaetes is par-
ticularly challenging, thus precluding such investigations.
Indeed, the poor success in cultivating these organisms and
greater diversity of spirochaetes detected in arthropods and
patient samples were the reasons why we decided to analyse
the recA gene directly within patient samples, thus removing
the selective pressures of cultivation [2,3].
The RecA paradigm, based upon its role in Escherichia coli,
is repair of double-stranded breaks in DNA that occur at
stalled replication forks during the process of DNA replica-
tion. It also has a signiﬁcant role following exposure to stress
conditions that might result in DNA damage, and thus is
considered to have a pivotal role in the SOS response of
microorganisms involving recA, lexA and many other effector
genes. No evidence of lexA or any orthologues has been
reported in either Borrelia burgdorferi, the causative agent of
Lyme borreliosis, or in the relapsing fever borreliae
sequenced to date, suggesting that the SOS response may be
absent in these spirochaetes [4]. The role of RecA within
Borrelia remains to be fully elucidated, but it appears not to
TABLE 1. Primers used for detec-
tion and sequencing during this
study
Primer/Probe name Speciﬁcity Sequence, 5¢–3¢
FlaF Flagellin forward CTAGTGGGCATAGAATTAATCGTGC
FlaR Flagellin reverse GCTTGGGATAACCCTCTAATTTGA
FlaP Flagellin probe Fam-TGGTATGGGTGTTGCTGGGAAAATTACG-bhq1
RF-RecA-F recA forward TCGTCTTGAAGTTAGAAAGGTTGAGCA
RF-RecA-R recA reverse GTTCATTTGCAAGGGCTTTTTCATT
CompF recA forward CCTCACTCTTCGAAATATCAACTG
CompR recA reverse GGAATTGCGGCTTTTATTGA
RecA nest recA forward TACGAAAAGGAGGTGCCACT
RecA nest recA reverse AAGAAAAAGCCATTGAACTTG
RF-RecA-F aug1 recA forward CTTTGATGCCACAAGCAGAA
RF-RecA-R aug1 recA reverse CCTCACTCTTCGAAATATCAACTG
RF-RecA-F aug2 recA forward AGAAATTGATGGCGAGATGG
RF-RecA-R aug2 recA reverse TTTTCCTCACTCTTCGAAATATCA
RF-RecA-F aug3 recA forward CTTTGATGCCACAAGCAGAA
TABLE 2. Polymorphisms between
recA gene sequences of Borrelia











47 TTA Leu 0a TTG Leu 0a
169 TTT Phe 17 TCT Ser 0a








487 ATG Met 30 ACG Thr 4
578 GCT Ala 30 GCC Ala 4
597 GCT Ala 30 ACT Thr 4
839 GGC Gly 7 GGT Gly 3
860 GCT Ala 7 GCG Ala 3
913 TAG Stop 7 TGG Trp 3
977 AAT Asn 7 AAG Lys 3
SNP, single-nucleotide polymorphism.
aSNP located from sequenced cultivated strains only [1].
B. duttonii recA sequences have been deposited under GenBank numbers GU371222–GU371225, and those for B. re-
currentis under numbers GU371226–GU371255.
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have a key homologous recombination role in VlsE variation
within B. burgdorferi [4]. RecA mutant strains of B. burgdorferi
were still able to undergo mosaic VlsE lipoprotein variation,
so RecA would appear not to have a role in the recombina-
tion events utilized for antigenic variation in Borrelia, in con-
trast to other organisms, such as Neisseria gonorrhoeae [5].
Furthermore, possession of non-functional RecA has been
shown not to have any deleterious effects on the infectious-
ness of B. burgdorferi. This is in contrast to the lethality of
RecA mutations hypothesized by others [6]. However, this
strain showed a loss in ability to cause joint infections [4].
These ﬁndings suggest that loss of RecA may not affect the
viability of the closely related relapsing fever spirochaetes,
but could account for differences in clinical consequences.
Indeed, clinical differences are seen between these infections,
with B. recurrentis resulting in signiﬁcant jaundice, petechiae,
epistaxis and major organ involvement (central nervous
system and cardiac), and B. duttonii being associated with
pregnancy complications and high perinatal mortality [7].
The obvious difference between these two spirochaetes is
their ability to be either tick-borne or louse-borne, resulting
in either local endemic or epidemic disease, respectively. It
is unlikely that RecA is not necessary among louse-borne
pathogens, as RecA remains functional in Rickettsia prowazekii,
another louse-borne pathogen whose genome is also subject
to degradation as compared with non-louse-borne counter-
parts [8]. Whether the truncation of RecA within B. recurren-
tis plays a role in the differing clinical presentations or
vectorial capabilities of these spirochaetes remains to be
determined. What is apparent is that samples from louse-
borne relapsing fever patients showed the same ‘signature’
SNPs, differentiating them from B. duttonii, including the pre-
mature stop codon, thus suggesting a clonal ancestry.
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Abstract
Thirty-ﬁve multidrug-resistant Acinetobacter baumannii strains,
representative of 28 outbreaks involving 484 patients from 20
hospitals in Greece, Italy, Lebanon and Turkey from 1999 to
2009, were analysed by multilocus sequence typing. Sequence
type (ST)2, ST1, ST25, ST78 and ST20 caused 12, four, three,
three and two outbreaks involving 227, 93, 62, 62 and 31
patients, respectively. The genes blaoxa-58, blaoxa-23 and blaoxa-72
were found in 27, two and one carbapenem-resistant strain,
respectively. In conclusion, A. baumannii outbreaks were caused
by the spread of a few strains.
Keywords: Acinetobacter baumannii, carbapenemases, molecular
epidemiology, multilocus sequence typing, pulsed-ﬁeld gel
electrophoresis
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